With the ongoing technological advances in electronics, vehicles, and national defense systems, the demand for Rare Earth Elements has increased exponentially. "Rare Earth Elements: Procurement, Applications, and Reclamation" will explain what Rare Earth Elements are and their unique characteristics, how they are obtained, and the processes needed to prepare the elements for specific usage, such as in powder metallurgy. It also discusses the locations of the mines used to acquire the elements and the political implications associated with the locations. It discusses the utilizations of these elements in various fields of technology and the need for more of these elements as such technology continues to advance. It also considers the possibility of reclaiming the used or worn out elements and reutilizing them in the future; highlighting the companies that have started to recycle the elements, reducing the demand for newly mined elements. Finally, it depicts the idea that reclamation of Rare Earth Elements will become a necessity and a benefit, both on a small and large scale, in the near future. 4 5
Issued by Sandia National Laboratories, operated for the United States Department of Energy by Sandia Corporation. Materials List" for the short and medium term; the other 12 were classified either as medium or long term critical. The DOE has also released an extensive report, both 2011, titled: Critical Materials Strategy, which provides a scientific explanation of the elements, market dynamics, a criticality assessment and other information about REEs. These metals are called rare but not because they are difficult to find. In fact, the element Cerium is more abundant in the Earth's crust than copper. The "rare" is because of the fact that the REEs are in such little concentrations that it is not economically viable to mine and process these elements wherever they occur. There are only very limited areas where the concentration of REEs is high enough to mine; such as select areas in China, the United States, the Commonwealth of Independent States, and Australia. These four areas are where most of the world's REE supply is concentrated. With the improvement and growth of alternative energy and technologically advanced electronics, the demand for REEs has grown dramatically. With dwindling access to REEs, new mines are being planned and theories for reclamation of the elements are being tested.
TABLES

GEOPOLITICS
Currently in the United States, there are no locations where REE are being mined (Kientz, 2010 
MINING AND PROCESSING
The process for refining the REEs into a saleable production grade is difficult and environmentally damaging. It involves mining an area where the REE concentration is high and collecting minerals containing REEs, such as Bastnasite, Loparite, Monazite and Xenotime.
These ores tend to contain a majority of LREEs, with the exception of a few specific types of them which contains a significant amount of HREEs. These ores must be ground up and separated into pure ores and tailings. Pure ores are the uncontaminated ores that need to be further processed and tailings are leftover material like waste rock from the grinding process.
From there, the pure ore is sent to a mill where it is ground even further into a silt-like material.
The silt mixture is then put through a flotation process where a chemical is added to create air bubbles. The air bubbles attach to the pure form of the ore, Bastnasite or whichever mineral, and bring it to the top as a froth, where it is scraped off. From there, the actual element needs to be separated; this can only be done through acid and solvent extraction methods. This is the main reason that processing the REEs is environmentally dangerous.
According to a recent article, "…process to get this mineral will eradicate trees and grass first and peel off topsoil of the earth. What's more, the waste water coming from the chemical reaction is full of ammonia, nitrogen and heavy metals, which are extremely harmful to people's health and the nature" ("Environmental Cost", 2012). This adds to the explanation given by the Chinese Government to decrease the exports of REEs to foreign nations. From then on, the pure ore can go through several stages of solvent extraction to ensure that all of the elements are Another process that is essential to the end use of certain REEs is called powder metallurgy. Powder metallurgy is the process of mixing powdered metals and making them into shapes not easily produced by other means. The process is very intricate and must be monitored very closely. First, metal ingots of a specific REE are pulverized in a machine that makes them into a fine powder. Then the powder is pressed down into a shaped mold under extreme pressure, thousands of pounds of pressure per square inch. Sometimes if the mold, now called a "green compact", needs to be magnetized, it is pressed in the same fashion but under an electromagnetic field; making it magnetically anisotropic (polar in direction). Finally, the "green compact" is sintered, essentially baked at a temperature very close to the melting point of the metal, this hardens and also imparts the component's metallurgical properties into the finished product, such as increased hardness, ductility, and improve the workability of the part. The processes of sintering an powder metallurgy are imperative for the REE field because of the way that the elements are used in the various areas of technology.
LIGHT RARE EARTH ELEMENTS
LREEs are the first six REEs on the Periodic Samarium is also used in instruments that create the "white noise effect" for defense purposes (Hough) . Although it is not categorized as a LREE, Scandium has more common characteristics with them than the HREEs. Scandium is added to aerospace technology parts because of its ability to limit the growth of grain in the metal ("Applications of Scandium"). Grain growth in metals causes the part to lose toughness and wear out faster. Scandium is also used to create high-intensity discharge lamps. These lamps are used in stadium lighting much like Praseodymium arc lighting. The LREEs are much more common than the rest of the REEs but they are no less important to the ever-changing world.
HEAVY RARE EARTH ELEMENTS
The HREEs are the last nine of the Lanthanide series and also one other element whose characteristics are extremely similar to the Lanthanides. They are Europium, Gadolinium, Terbium, Dysprosium, Holmium, Erbium, Thulium, Ytterbium, Lutetium, and Yttrium.
Interestingly enough, Yttrium is the lightest of all the REEs but has properties like a heavy element.
Out of the 10 HREEs, four of them are on the "Critical Materials List"; Europium, Terbium, Dysprosium, and Yttrium. Europium is the most reactive of the REEs; it resembles the reaction of pure calcium in water. It is used in an alloy for nuclear reactor control rods because of its ability to absorb neutrons. It is also used in Cathode Ray Tubes (CRTs) and other displays to produce red phosphors. With the creation of Liquid Crystal Displays (LCD), plasma screens, and even organic light-emitting diode (OLED) displays, the use of REEs in television screens has been greatly diminished. Another form of lighting that Europium is used for is in its divalent form, meaning having a valency of two in its electron configuration, and it is able to produce a bright blue light. Gadolinium is used in the medical field as an intravenous contrasting agent for patients undergoing magnetic resonance imaging (MRI). It is also used in Gadolinium-Yttrium garnets, a variation of the Yttrium Aluminum garnet, which is then used in microwaves.
According to Avalon Rare Metals Inc., "Gadolinium is used in nuclear marine propulsion systems as a burnable nuclear poison and as a secondary, emergency shut-down measure in some nuclear, particularly Canada Deuterium Uranium type reactors" (Avalon Rare Metals Inc.). A Dysprosium is probably the most used HREE, therefore making it also the most important.
Dysprosium is actually used in the production of Neodymium magnets. When 6% of the Neodymium is replaced with Dysprosium, the magnets' conductivity is increased and can be more efficient for use in hybrid cars. Dysprosium is used in the production of optical data storage devices such as compact discs. It is also a main component in laser materials when combined with elements such as Vanadium and other REEs. One HREE that is not on the list is Holmium.
Holmium has the mightiest magnetic strength of any element, making it extremely useful if creating an artificial magnetic field. It is also used as components in Yttrium-Iron garnets and Yttrium-Lanthanum-Fluoride solid state lasers, which have applications in the medical field.
Holmium is also mixed into glass and ceramics, like cubic zirconia, to color it a peach-like color or bright yellow color (Avalon Rare Metals Inc.).
The next HREE is Erbium. Erbium is commonly used in commercial applications for photographic lens filters. It is used to color glass materials various shades of pink. Erbium also has applications in the medical and dental field; used in cosmetic lasers for dermatology and teeth-whitening procedures. Thulium is one of three scarcer HREEs. Because of that, it does not have very many applications in the practical world. Thulium is used as a portable x-ray source.
However, it first needs to be immersed in a nuclear reactor for it to be useful. Thulium is used in arc-lighting similar to Praseodymium (the color is green in these lights instead of the brilliant white emitted by Praseodymium). Along with most of the REEs, Thulium is used in components for lasers. This is one of the biggest reasons for the criticality assessment of these elements.
Their application in the defense industry causes them to be greatly needed and protected.
Ytterbium is used as a source of gamma radiation for non-destructive testing. This is similar to the elements like Thulium and Promethium that are used for portable x-rays. Ytterbium is also added to stainless steel to improve the grain refinement, strength and other mechanical properties. Lutetium can be considered the rarest and the most expensive REE out there. Because it is so expensive, it is used very little in the everyday world. Lutetium is used as a catalyst in petroleum refining (cracking), alkylation, hydrogenation, and polymerization. The final HREE, and the last element on the "critical materials list", is Yttrium.
Very unlike the last three HREEs, Yttrium has a wide variety of applications. Yttrium is used mainly in phosphors for CRTs and in OLED televisions, making it more valuable than Europium, Gadolinium and Terbium in the phosphor area.
Yttrium is also used in energy-efficient lighting. YAG lasers use a large amount of Yttrium to create the synthetic garnet for the laser to pass through. Yttrium is used in Yttrium Barium Copper Oxide superconductors. This superconductor was made famous because of the fact that it was the first time any material achieved superconductivity above the boiling point of liquid nitrogen, 77 Kelvin (AMMTIAC, 2003). Yttrium is added to glass and ceramics to add shock resistance; especially to photographic lenses and optical glasses.
Yttrium is also used as a hardener to things like medical scalpels, fabrication of nerve-severing needles, and prosthetic devices. Overall, HREEs are much rarer than their lighter companions and will become invaluable to the advancing world.
RECLAMATION
With the demand for REEs on the rise, the need to reuse these elements is also becoming increasingly important. However, very few REEs are being reclaimed from their original uses.
The recycle and reuse of REEs could possibly decrease the dependency on imports of the elements. One problem with the recycle of products containing REEs is that there are very few recycling ideas that are monetarily feasible. It is too difficult and expensive for smaller companies to recycle the REE products; it is easier and cheaper to just throw the used products into the garbage as waste. Another problem is that even if it were cheaper to send REE products as part of a mass-production process at a recycling plant" (Yoney, 2012) . The process for extracting the REEs from the batteries is efficient and designed specifically for Honda's cars. Hitachi's plan involves a much wider variety of products that are viable for recycle. Two specific products that Hitachi is aiming to remove the REEs from are computer HDDs and from inside the compressor of air conditioners and refrigerators. The REE products that Hitachi is aiming to recover are Neodymium magnets. To recover these magnets, two processes are necessary for collection. To collect the magnets from the hard drives, they first need to be disassembled. However, because Hitachi produces all sizes and types, there is no single machine that will disassemble all the hard drives. For this reason, Hitachi has designed a special machine that "…works automatically, subjecting the HDD to shaking and other impacts to remove the screws used to fasten each of its component parts" (Nemoto, Tanaka, Tsujioka, Eryu, Takada,   2011 ). This provides a much faster way to separate the different parts and all that is left to do is separate the magnets from the rest of the parts. The other way that Hitachi is collecting the Neodymium magnets is through compressors that are used in air conditioning units and refrigerators. The compressors are surrounded in a steel casing that is welded together so they are very hard to disassemble. Hitachi uses a special cutting machine that is very worker-friendly and just requires a small adjustment for each casing. Once the casing is cut off, the rotor is removed from the casing and is demagnetized. Once the rotor is demagnetized, the Neodymium magnets are removed and are collected. All together, the magnets from both reclamation processes are crushed and sintered back into magnets that can be used in new products. Overall, Honda and (Currie, 2012) . Since the fly ash is normally released into the air after the coal is burned, it would be a benefit for the company to collect the ash. The
REEs would be collected through a particle filtration system before the ash reached the smoke stacks. The drawback of this is that the ash only contains a few parts per million of REEs.
Rechargeable batteries on the other hand contain a fair amount of REEs, such as Lanthanum.
Two companies, Umicore N.V-a Belgian materials technology company and Rhodia-a group specializing in chemistry, synthetic fibers, and polymers; have developed a process to recycle
CONCLUSIONS
With the advancements in technology, alternative energy and military systems, REEs are taking their place among some of the most coveted materials on the planet. REEs have caused worldwide problems; ranging from environmental damage issues to multi-country complaints of China's monopoly on the elements because the demand for the elements is so high. However, with China's announcement that they are decreasing production and exports of the Rare Earths, they have tightened their hold on the current Rare Earths, and at the same time are driving up prices. China is also going to lose business in the Rare Earth field because countries like the United States and Australia are taking advantage of the opening and are in the process of constructing, or reopening in the United States' case, mines to collect their own Rare Earths.
With these new mines, dependency on foreign Rare Earths is expected to decrease dramatically, hopefully enough to settle any disputes about the elements. With companies like Hitachi and Honda leading the way for recycling the REEs, demand for brand new Rare Earths should also decrease; and if the disputes are not settled and conflicts continue to limit the availability of Rare Earths, the recycle of products and the reclamation of the elements will be imperative to continuing the advancement of technology. The future boasts plenty of new innovative ideas.
From thinner laptops and smaller cellphones, specialized defense systems, and alternative energy production, REEs will remain a top priority.
SNL is one of many laboratories that uses REEs; 16 out of the total 17, excluding Promethium because of its scarcity ("Chemical Information System", 2012). SNL must evaluate their standing in the demand for Rare Earths, remaining aware of any complications that might arise in the future over the fight for the elements. Sandia must then decide if they will continue to purchase REEs without the thought of recycling, possibly worsening the situation. But, for the benefit of the Sandia Corporation and for the benefit if those who promote the recycle of REEs, Sandia must decide to take the first step and begin searching for a way to recycle the elements they are using. If SNL finds a way to recycle even some of the Rare Earths from their facility, they could become the leaders for the rest of the country to follow. In addition, SNLs' decision could spur other laboratories into recycling REEs, putting more pressure on other companies to follow in their lead. Whether or not SNL decides to find a recycling pathway, REEs are going to remain prevalent in the future; therefore, someone must find an economical way to recycle Rare Earths or the problem will continue to grow and could escalate beyond saving. 
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